Abstract. The image de-noising method is proposed by multiresolution representations of the dyadic wavelet transformation. Firstly, the original image are decomposed using dyadic wavelet transformation, then the image can be de-noised by way of adopting different thresholds according to the different scales of wavelet coefficients, and finally nonlinear enhancing function are applied for wavelet coefficients with the enhancement method in the corresponding scales. Experiments of the medical images show that compared to the image enhancement method, our approach improves the information entropy and contrast improvement index of the images, enhances edge texture of images.
Introduction
During image capturing and transporting process, there are some noises which can affect not only the quality of image but also the image analyzing, understanding and application. To understand the image information effectively, the key point is to retain the image information while removing noises, and improve the information entropy and contrast.
Currently, most of de-noise approaches are based on spatial domain and frequent domain. However, the pixels in noise and edge are located the position where grayscale value varies fast and corresponds to the high frequency information. These approaches reduce the noise at cost of blurring the detail of information such as edge and texture [1] . Due to the shortcomings of the threshold function [2] , so that constant deviation is produced between the wavelet coefficients and the wavelet coefficients of the signal to be processed. Although [3] has been improved, but too many thresholds are estimated in threshold function, it is more difficult to achieve. At the same time, Mallat proposed the sampling method to suppress the translation invariant of the wavelet transform, which leads to the small transfer of the digital signal in the time domain (or frequency domain), which results in the Pseudo-Gibbs phenomenon. Polesel and Zhang apply unsharp masking methods to noise-free images, which can better contrast enhancement in the spatial domain [4, 5] . But based on the image enhancement algorithm for multiresolution transformation, both the image details and the image of the noise are enhanced.
To solve these problems, an image de-noising and enhancement algorithm based on dyadic wavelet is proposed in this paper. Different thresholds are used to adjust the threshold function automatically in different scale. The enhancement operator is designed to preserve the important features of the original image. According to the high frequency coefficients at different decomposition level, different threshold value and nonlinear enhancement functions are chosen to enhance the images, The MRI images of experimental results are evaluated by comparing with using unsharp masking method, the information entropy and contrast improvement index of images are all further improved. The texture and details of the image can maintain while removing the noise.
Multiresolution Representations of the Dyadic Wavelet Transform
Analysis from two-dimensional signal, tensor space { } 
According to two-dimensional multiresolution analysis, low-frequent separation of twodimensional image signal ) , ( y x a j under the scale j 2 can be showed as the two-dimensional sequence
The high frequent components are showed respectively as
where h is the low-pass filter corresponding to the scaling function ) (x ψ , g is the the highpass filter corresponding to dyadic wavelet function ) (x ϕ . The image signal is decomposed into a low frequent component and three high frequent components, j a is the low-frequent component of scale 
and fast àtrous algorithm, the fast decomposition of separable dyadic wavelet is realized, the concrete steps are as follows:
(1) Decomposing the two-dimensional image signal into image components within different frequent bands and transforming it into wavelet separately by its rows columns.
(2) Wavelet decomposition on each layer decompose image in to four equal size subband images, whose numbers of dyadic wavelet coefficients decomposing on different scales are equal to the numbers of pixels of the original image.
(3) In this way, approaching signals and continuing decomposition by analogy.
Threshold and Threshold Function
The main information of noise image by dyadic wavelet transformation is distributed in the low frequent region, the noise and image details are mainly distributed in the high frequent region, most image information is also distributed in a small number of wavelet coefficients, whose noise has the same amplitude. According to different scales, different threshold values can be chosen for wavelet coefficients denoising. In order to reflect the feature that the standard deviation of noise in different decomposition scale varies with scale increasing in wavelet multi-scale analysis, assume the different lever threshold of dyadic wavelet are:
where σ is the standard deviation of noise and N is the image pixels. When scale
, it becomes the original formulation. When
, the threshold δ decrease with the scale increase, and the noise amplitude decrease with the scale increase. Moreover, adapt the decomposition noise in different scale and the lower bound of threshold denoising to propose the improved lever threshold function.
To the noisy mixed signal, de-noise the measured signal fist, that is, choose a threshold for the noisy signal wavelet and then process the threshold to the wavelet transformed scale discrete detail to signal denoise. The mathematic model of noisy image on scale i is,
where i y is the noisy image, i x is the denoising signal, i n is the independent identically normal distribution random noise, N is the number of pre-pixels [6] .
By adapting different thresholds under various conditions of scale, so that the threshold function can automatically adjusted. To improve the denoising accuracy of new threshold function, the denoising error lower bound of the new threshold.
Nonlinear Enhancement Function of the Dyadic Wavelet
Set the basic wavelet function
, whose wavelet transform function is expressed as
where a is the scale parameter, b is the displacement parameters.
Discretion the scale parameter, letting j a − = 2 , Equation (1) can be written as 
Meeting the telescopic equation
is the Fourier transform of discrete filters. Letting (5), the following discrete filters can be constructed
By the method of nonlinear enhancement, the direct enhancing function
is available through enhancing the channel p in the time domain.
Image Enhancement
As describe as above, based on the nonlinear operator, our approach can not only retain texture and detail of image but also reduce the noise of image [7] .
( 
Experimental Results and Analysis
We analysis the performance of image enhancement based on brain MRI image [8] . The MRI image obeys Rician distribution, whose noise is the Rician noise of non-zero mean value, whose average normally associated with partial strength of image, which is regarded as obeying to Gaussian distribution in the process of MRI image. As shown in original image, the contrast is low and the edge of tissues is vague. In our experiment, the information entropy and contrast are employed to estimate the performance of the proposed method. The entropy is often used as a characterization of the information content of a data source and defined as follows
p is the probability of the grayscale i, the contrast is treated as the clarity. If the contrast is lager, the image is sharpness. The parameter CH (describe in reference) is to evaluate contrast of image
For a given image, we divide it into 3 3× patch and C is the average contrast of all patches. The contrast of each patch is defined as min) /(max min) max ( + − = C where max is its maximal grayscale value and min denotes its minimal grayscale value. In experiment, we select a brain MRI image with size of 256 × 256. Figure 1(a) shows the original image. From which, we can be seen that it contain more noise; Figure 1(b) shows the enhancing image by unsharp masking method, Figure 1(c) shows the enhancing image based on the proposed approach. As the distribution of image high frequency component varies with the decomposed bands of dyadic wavelet. From Table 1 , the dyadic wavelet based nonlinear enhancing approach can capture more detail of image. By àtrous method and dyadic wavelet transform, the image is decomposed into four subbands with different scale and the main energy concentrates few wavelet coefficients. Table 1 shows the contrast values and CH for the brain MRI image features in the Figure 1 . Nonlinear enhancement of dyadic wavelet coefficient performed significantly better than unsharp masking.
The information entropy is used to evaluate quality of image. For a grayscale image, if the entropy of its enhancing image is large, it implies there are more details in the enhancing image and its information capacity is large. Figure 1(c) , we can see that the image is effectively enhanced and contains more distinguishing texture.
The experimental results show the entropy and contrast of enhancement image are improved significantly and the proposed approach boosts the feature information of image edge.
Conclusion
In this paper, the nonlinear enhancement of dyadic wavelet multiscale analysis is employed for MRI denoising, image enhancement and image edge processing. The proposed approach not only enhances the local detail but also suppresses the noise. In addition, by reducing noise in different bands, our method can enhance edge features of lesion and improve the accuracy of diagnosis.
